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A B S T R A C T :  D u r i n g  t h e  p a s t  d e c a d e  p o l y l a c t i d e  a c i d  ( P L A )  p o l y m e r  
h a s  b e e n  t h e  s u b j e c t  o f  n u m e r o u s  r e s e a r c h e s  a i m e d  a t  c o m p a r i n g  i t  
w i t h  t r a d i t i o n a l  p e t r o l e u m  b a s e d  p o l y m e r s  f o r  m a n y  p a c k a g i n g  a p p l i ­
c a t i o n s .  P L A  i s  b i o d e g r a d a b l e  a n d  d e r i v e d  f r o m  a g r i c u l t u r a l  b y - p r o d ­
u c t s  s u c h  a s  c o r n  s t a r c h  o r  o t h e r  s t a r c h - r i c h  s u b s t a n c e s  l i k e  m a i z e ,  
s u g a r  o r  w h e a t .  W h i l e  P L A  i s  c u r r e n t l y  b e i n g  u s e d  i n  m a n y  p a c k a g i n g  
a p p l i c a t i o n s  w i t h  w e l l  d o c u m e n t e d  p e r f o r m a n c e ,  l i t t l e  w o r k  h a s  b e e n  
d o n e  c o m p a r i n g  p r i n t i n g  p r o c e s s e s  a n d  p e r f o r m a n c e .  T h i s  s t u d y  
p r e s e n t s  P L A  p r i n t i n g  p e r f o r m a n c e  a n d  s u s t a i n a b i l i t y  f i n d i n g s  u s i n g  
t h e  c o m m o n  f l e x o g r a p h y  p r i n t i n g  p r o c e s s .  V a r i o u s  a n a l y t i c a l  m e t h ­
o d s  w e r e  u s e d  t o  e v a l u a t e  p e r f o r m a n c e  a n d  p r o v i d e  r e c o m m e n d a ­
t i o n s  f o r  o p t i m i z e d  p r i n t i n g  o n  P L A  a s  c o m p a r e d  t o  P E T ,  o r i e n t e d  P P  
a n d  o r i e n t e d  P S .  R e s u l t s  o f  t h i s  s t u d y  f o u n d  t h a t  P L A  f i l m s  w e r e  c o m ­
p a r a b l e  i n  p r i n t a b i l i t y  a n d  r u n n a b i l i t y  t o  s t a n d a r d  p e t r o l e u m  b a s e d  
f l e x i b l e  p a c k a g i n g  f i l m s .  
1 . 0  I N T R O D U C T I O N  
S
I N C E  1 9 6 0 ,  t h e  a n n u a l  g e n e r a t i o n  o f  m u n i c i p a l  s o l i d  w a s t e  ( M S W )  
h a s  i n c r e a s e d  m o r e  t h a n  6 5  p e r c e n t  t o  2 5 1 . 3  m i l l i o n  t o n s  i n  2 0 0 6  [ l ] .  
B y  2 0 0 6  m a t e r i a l  r e c o v e r y  o f  M S W  t h r o u g h  r e c y c l i n g  a n d  c o m p o s t i n g  
a c c o u n t e d  f o r  o v e r  3 2 . 5  p e r c e n t  o f  a l l  w a s t e  g e n e r a t e d ,  a n  i n c r e a s e  o f  
n e a r l y  8 3  p e r c e n t  s i n c e  1 9 6 0  [ 1 ] .  C o n t a i n e r s  a n d  p a c k a g i n g  a c c o u n t e d  
f o r  n e a r l y  3 2  p e r c e n t  o f  a l l  p r o d u c t s  g e n e r a t e d  i n  t h e  M S W  i n  2 0 0 6 .  P l a s ­
t i c s  w h i c h  r a n k e d  f o u r t h  a f t e r  p a p e r  ( 3 3 . 9 % ) ,  y a r d  t r i m m i n g s  ( 1 2 . 9 % ) ,  
a n d  f o o d  s c r a p s  ( 1 2 . 4 % )  a c c o u n t e d  f o r  1 1 . 7  p e r c e n t  o f  t h e  2 5 1  m i l l i o n  
t o n s  o f M S W  g e n e r a t e d  i n  2 0 0 6  [ 1 ] .  M o r e  t h a n  1 0  p e r c e n t  o f  a l l  p l a s t i c  
* A u t h o r  t o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .  E m a i l :  m k e i f @ c a l p o l y . e d u  
J o u r n a l  o f  A p p l i e d  P a c k a g i n g  R e s e a r c h ,  V o l .  3 ,  N o . 2 - A p r i l  2 0 0 9  9 1  
1 5 5 7 - 7 2 4 4 / 0 9 / 0 2 0 9 1 - 1 4  
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containers and packaging, comprising of soft drink, milk and water bot­
tles, were recycled with milk bottles accounting for 31 percent of all bot­
tles [1]. 
Due to the increasing environmental consciousness of consumers and 
corporations over the past, decade, biodegradable polymers have re­
ceived ever increasing attention. Amongst commercially available bio­
degradable polymers are NatureWorks™ Polylactide (PLA), Nodax, 
Eastar Bio, and Biomax. Biodegradable polymers provide a potential 
solution to a wide range of environmental concerns typically associated 
with conventional polymers such as greenhouse gas emissions and 
sustainability. PLA is derived from lactic acid and has been received 
well by the medical and packaging industry in recent years. PLA is man­
ufactured from annually renewable sources such as com and is promoted 
as being recyclable and compostable. 
PLA has been researched internationally for its adaptability to practi­
cal applications such as in medical devices and packaging in comparison 
to traditional petroleum based polymers. Due to its ability to be hydro­
lyzed, PLA has been studied for use in bio-absorbable medical devices. 
In de Braekt et al. studied its application for suturing material [2], Bos et 
aI., Laitinen et aI., and Matsusue et aI. researched its application for sur­
gical implants [3,4,5] and Bodmeier et aI., Conti et aI., Omelczuh and 
McGinity, and Suzuki and Price [6,7,8,9] studied its promise in the 
drug-delivery systems application. 
Auras et aI. provided an overview of PLA as packaging materials by 
discussing its physical, optical, rheological, processing, mechanical, 
solubility, barrier, and degradation properties [10]. Sinclair et aI. pro­
vided a similar report in their paper on polylactic acid as a commodity 
packaging plastic [11]. Auras et aI. compared food service containers 
made with oriented PLA to those manufactured using PET and OPS by 
quantifying their physical, mechanical, barrier and compatibility prop­
erties [12,13]. Martino et al. in their research on processing and mechan­
ical characterization of plasticized films for food packaging reported 
mechanical properties of PLA films for different plasticizer concentra­
tions and preparation conditions [14]. Results of a study involving char­
acterization of L-polylactide and L-polylactide-polycarprolactone 
co-polymers for use in cheese packaging applications were reported by 
Plackett et al [15]. 
The purpose of this study was to research the runnability and 
printability ofPLA and to discover some key considerations when print­
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i n g  o n  P L A  w i t h  t h e  f l e x o g r a p h i c  p r o c e s s .  T h e r e  h a s  n o t  b e e n  a  g r e a t  
d e a l  o f  p u b l i s h e d  r e s e a r c h  o n  P L A - e s p e c i a l l y  o n  p r i n t a b i l i t y .  G r e e n  
B a y  P a c k a g i n g  ( G r e e n  B a y ,  W i s . )  h a s  b e e n  w o r k i n g  w i t h  p r i n t a b i l i t y  o f  
P L A  f o r  m o r e  t h a n  f i v e  y e a r s  a n d  h a s  p e r f o r m e d  n u m e r o u s  t e s t s  r e g a r d ­
i n g  t h e  s u r f a c e  e n e r g y ,  r u n n a b i l i t y ,  a n d  p r i n t a b i l i t y  o f  P L A  [ 1 6 ] .  I n  r e ­
c e n t  t e s t i n g  G r e e n  B a y  P a c k a g i n g  i s  u s i n g  t h e i r  s o o n - t o - b e  p a t e n t e d  
t r e a t e d P L A w i t h f i l m s u r f a c e c o n d i t i o n s  o f n o l o w e r t h a n 5 2 d y n e s  [ 1 6 ] .  
T h i s  a l l o w s  t h e  p o l y m e r  t o  s e c u r e l y  a n c h o r  a n y  i n k  p r o c e s s .  G r e e n  B a y  
e n s u r e s  t h a t  t h e  s u r f a c e  e n e r g y  o f  t h e  f i l m  i s  h i g h  e n o u g h  s o  t h a t  a n y  
p r i n t  e n g i n e  a n d  m o s t  i n k s  w i l l  n o t  h a v e  p r o b l e m s  p r i n t i n g .  T h e  c o m ­
p a n y  h a s  f o u n d  d u r i n g  t h e s e  t e s t s  t h a t  t h e  k e y  t o  s u c c e s s f u l  a n c h o r a g e  o f  
i n k  t o  t h e  P L A  i s  h i g h  s u r f a c e  e n e r g y  o f  t h e  f i l m .  I f  a  c o m p a n y  w a n t s  t o  
a d d  a  v a r n i s h  f o r  e x t r a  p r o t e c t i o n  o f  t h e  i m a g e ,  U V  v a r n i s h  b y  S u n  
C h e m i c a l  ( i t e m  #  R C M S V 0 4 8 2 2 3 2 )  i s  r e c o m m e n d e d  [ 1 6 ] .  T h e  U V  
o v e r - v a r n i s h  d o e s n ' t  c o n t a i n  s i l i c o n e ,  a n d  t h e r e f o r e  c a n  b i o d e g r a d e  a n d  
c o m p o s t  e a s i l y .  G r e e n  B a y  P a c k a g i n g  h a s  n o t  e x p e r i e n c e d  p r o b l e m s  
w i t h  t h e  r u n n a b i l i t y  o f  P L A .  A c c o r d i n g  t o  t h e m  P L A  h a s  g o o d  s t i f f n e s s  
a n d  s h o u l d  r u n  w e l l  o n  a n y  p r e s s - t h e  r i g i d i t y  h e l p s  w i t h  r e g i s t r a t i o n ,  
t r a p p i n g ,  a n d  t e n s i o n  o n  l i n e  [ 1 6 ] .  
2 . 0  M A T E R I A L S  A N D  M E T H O D S  
2 . 1  I n k  A d h e s i o n  
A n  i n k  a d h e s i o n  t e s t  w a s  p r e f o r m e d  u s i n g  a  l a b  i n k  p r o o f e r  p r i o r  t o  
r u n n i n g  t h e  p o l y m e r  f i l m s  o n  p r e s s .  T h e  s u r f a c e  e n e r g y  o f  P L A  w a s  
t e s t e d  u s i n g  A c c u d y n e  t e s t  s o l u t i o n  s w a b s  t o  s a m p l e  t h e  f i l m .  A  l a r g e  
d i f f e r e n c e  b e t w e e n  t h e  d y n e  l e v e l  o f  s u r f a c e  e n e r g y  i n  a  m a t e r i a l  a n d  t h e  
d y n e  l e v e l  o f  s u r f a c e  t e n s i o n  i n  i n k ,  m o s t  o f t e n  r e s u l t s  i n  b e t t e r  p r i n t  
q u a l i t y .  T h e  o p t i m a l  s u r f a c e  e n e r g y  o f  t h e  s u b s t r a t e  i s  d e p e n d e n t  o n  t h e  
i n k  s y s t e m  b u t  i s  t y p i c a l l y  a b o v e  t h i r t y - e i g h t  d y n e s .  T h e  s u r f a c e  e n e r g y  
o f  t h e  f i l m  s h o u l d  b e  h i g h e r  t h a n  t h e  s u r f a c e  t e n s i o n  o f  i n k  b e c a u s e  i t  i s  
m o r e  p r a c t i c a l  a n d  e c o n o m i c a l  f o r  a  p r i n t e r  t o  c h a n g e  t h e  s u r f a c e  t e n s i o n  
o f  a  m a t e r i a l  t h a n  t o  c h a n g e  t h e  i n k s  o n  t h e i r  p r e s s .  S u r f a c e - t r e a t e d  f i l m  
( c o r o n a  o r  p l a s m a  t r e a t e d )  c r e a t e s  h i g h e r  s u r f a c e  e n e r g y  p o l y m e r s .  M o s t  
w a t e r - b a s e d  i n k s  h a v e  a  s u r f a c e  t e n s i o n  o f  a b o u t  3 6  d y n e s .  T h e  w a ­
t e r - b a s e d  i n k s  u s e d  i n  t h i s  e x p e r i m e n t  w h e r e  d e s i g n e d  f o r  P E T  a n d  P P  
p l a s t i c  f i l m s ,  a n d  t h e r e f o r e  l e a d s  t o  b e t t e r  i n k  a d h e s i o n  f o r  t h o s e  p a r t i c u ­
l a r  f i l m s .  I n k s  f o r m u l a t e d  s p e c i f i c a l l y  f o r  P L A  w e r e  u n c o m m o n  a t  t h e  
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time. A draw-down test with the anilox-roll hand proofer was used to test 
ink adhesion to the film. Once blown-dry, a crinkle test determined that 
the adhesion was acceptable to print on press. 
Prior to running the film on the press, a test target was created in 
Adobe Illustrator to produce a plate and is shown in Figure 1. The image 
contains vector and raster images, a solid strip, tick marks an eighth inch 
apart along the lateral edge, slur targets, multiple point sizes, regular and 
reverse print, 1 through 100 percent density patches, and some gradient 
strips. The file was RIPed through Esko's Cyrel Digital Imager (COl) 
Spark System using Esko's Suite 7 workflow. The plate was set at 150 
line screen ruling, 68 degree angle using a circular dot shape. The verti­
cal distortion scaling was set to 96.751 percent. The COl system was cal­
ibrated prior to output with a focus search, stain test, and midtone den­
sity test. 
Figure 1. Test target used to produce a plate. 
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T h e  p l a t e  w a s  i n i t i a l l y  p l a c e d  i n t o  t h e  D u p o n t  C y r e l  F A S T  E x p o s u r e  
U n i t  f o r  2 3  s e c o n d s  f o r  t h e  b a c k  e x p o s u r e .  T h e  c a r b o n  m a s k e d  p l a t e  m a ­
t e r i a l  w a s  p o s i t i o n e d  i n t o  t h e  C D I ,  i n  w h i c h  a  l a s e r  t h e n  b e g a n  t o  a b l a t e  
t h e  m a s k  c r e a t i n g  a  n e g a t i v e  i m a g e  a r e a .  F o l l o w i n g  t h e  s e t t i n g  o f  t h e  
f l o o r  a n d  r e l i e f  t h r o u g h  t h e  i n i t i a l  e x p o s u r e ,  t h e  p l a t e  w a s  p o l y m e r i z e d  
b y  e x p o s i n g  t h e  e m u l s i o n  s i d e  u s i n g  a  m a i n  l i g h t  s o u r c e  f o r  e i g h t  m i n ­
u t e s .  T h e  p l a t e  w a s  t h e n  c a r r i e d  t o  t h e  C y r e l  F A S T  D u p o n t  P r o c e s s o r  t o  
r e m o v e  t h e  u n e x p o s e d  p h o t o p o l y m e r  p r i o r  t o  d e t a c k  a n d  p o s t - e x p o s u r e .  
P r i o r  t o  t h e  p l a t e  r u n n i n g  o n  t h e  p r e s s ,  a  B e t a F l e x 3 3 4  s y s t e m  w a s  u s e d  t o  
m e a s u r e  t h e  d o t  a r e a  p a t c h e s  o n  t h e  p l a t e .  T h e  f i n i s h e d  p l a t e  w a s  
m o u n t e d  o n  a  9 6  t o o t h ,  1 / 8  C P  c y l i n d e r  u s i n g  t h e  M a r k  A n d y  
C o n v e r s o u r c e  P M - 1 6 0 .  
2 . 2  R u n n a b i J i t y  
C o n v e n t i o n a l  m e t h o d s  w e r e  p e r f o r m e d  t o  s e t u p  t h e  p r e s s .  T h e r e  w e r e  
m a n y  v a r i a b l e s  c o n t r o l l e d  d u r i n g  t h e  p r e s s  r u n .  M a n y  F l e x o  v a r i a b l e s  
a r e  h a r d  t o  c o n t r o l  b e c a u s e  t h e y  i n v o l v e  m a n u a l  d e c k  s e t t i n g s ,  w h i c h  
m a k e s  t h e m  m o r e  p r o n e  t o  e r r o r .  C o n s t a n t s  t h a t  c a n  b e  c o n t r o l l e d  i n ­
c l u d e :  v i s c o s i t y ,  p H ,  a n i l o x  r o l l ,  s p e e d ,  d r y e r ,  a n d  t e n s i o n .  P l a t e  a n d  
a n i l o x  a n d  P l a t e  t o  i m p r e s s i o n  a r e  d i f f i c u l t  t o  r e p e a t  p r e c i s e l y  o n  a  M a r k  
A n d y  2 2 0 0  b e c a u s e  o f  t h e  m a n u a l  d e c k  s e t t i n g s .  E n v i r o n m e n t a l  I n k s  
a n d  C o a t i n g s  F i l m  I n k  I I I  s y s t e m  w a s  s h i p p e d  a t  a  v i s c o s i t y  o f  2 5 - 3 0  
s e c o n d s  o n  a  # 2  Z a h n  c u p  w i t h  a  p H  o f  9 . 0 - 9 . 3 .  P r i o r  t o  r u n n i n g  t h e  i n k  
o n  p r e s s ,  a  # 2  Z a h n  c u p  w a s  u s e d  t o  m e a s u r e  t h e  v i s c o s i t y  o f  t h e  i n k .  I t  
m e a s u r e d  a t  5 0 . 9  s e c o n d s ,  w h i c h  i s  h i g h e r  t h a n  n o r m a l .  T o o  l o w  p H  l e v ­
e l s  u s u a l l y  r e s u l t  i n  a n  i n k - t r a n s f e r r i n g  p r o b l e m .  T h e  u n c u t  i n k  m e a ­
s u r e d  a t  a  p H  l e v e l  o f  9 . 4 4 .  T h e  d e s i r e d  l e v e l  i s  b e t w e e n  9 - 9 . 3  f o r  t h e  
F i l m  I I I  I n k  S y s t e m  o n  a  F l e x o g r a p h i c  p r e s s .  H o w e v e r ,  t h e  a v e r a g e  
r a n g e  f o r  w a t e r - b a s e d  i n k s  i s  b e t w e e n  8 - 9 . 5 ,  t h e r e f o r e  t h e  p H  w a s  
w i t h i n  t h e  t o l e r a n c e  l e v e l .  
W a t e r - b a s e d  i n k s  a r e  m o r e  d i f f i c u l t  t o  c o n t r o l  o n  t h e  p r e s s .  T h e i r  v i s ­
c o s i t y  a n d  p H  l e v e l s  c a n  c h a n g e  w i t h  t i m e  o n  t h e  p r e s s .  A s  t h e  p r e s s  c o n ­
t i n u e s  t o  r u n ,  t h e  a m i n e  m a y  e v a p o r a t e  a n d  t h e  p H  l e v e l  d e c r e a s e s  a n d  
t h e  v i s c o s i t y  i n c r e a s e s .  H o w e v e r ,  t h e  r u n  w a s  s o  s h o r t  t h a t  t h e  v i s c o s i t y  
a n d  p H  r e m a i n e d  c o n s t a n t  t h r o u g h o u t  t h e  p r e s s r u n .  E n v i r o n m e n t a l  I n k s  
r e c o m m e n d e d  a n  a d d i t i o n  o f u n d e r t e n  p e r c e n t  o f a n  a m m o n i a  s u b s t i t u t e  
e v e r y  h a l f h o u r . T h e p r e s s  o n l y  r a n a n h o u r f o r  a b o u t  7 0 0 f e e t  o f f i l m .  
T o  m a x i m i z e  r e p e a t a b i l i t y  a n d  c o n s i s t e n c y ,  t h e  i m p r e s s i o n  w a s  c o n ­
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trolled using check gauges that had the same diameter of the pitch sur­
face being used. The impression was adjusted by hand and varied with 
polymer thickness, which makes it difficult to replicate exactly. There­
fore, it contributes to the reason for running all the plastics on the same 
day, to try to reduce the var,iables. The anilox roll was also constant. A 
2.48 volume, 600 line count, 600 , Harper roll was chosen for the Mark 
Andy 2200 seven-inch Flexographic press. The anilox roll was selected 
based on the 150 resolution ofthe plate to achieve appropriate cell count. 
The press speed was set at 50 feet per minute, and the dryer was posi­
tioned at stage 3, which was approximately 1670 F. The speed and dryer 
settings were chosen because there are challenges with film inks drying 
on the plastic with lower heats and faster speeds on an in-line press. The 
tension was set at 20 psi. 
The five films were run on the Mark Andy press using water-based 
inks with relative ease. The order in which the webs of film were spliced 
in were: white PLA, clear PLA, PET, OPP, and OPS. A little over a hun­
dred feet of each material were used. Some of the visual potential 
runnability problems that occurred on press included problems running 
the OPS and having dirty print. The OPS was very brittle and broke eas­
ily on the in-line press. There were two web breaks when running OPS. 
And lastly, the print became increasingly dirty throughout the press run. 
There were many predictions to the reason for the dirty print that are 
discussed later. 
2.3 Printability 
The tests conducted to determine printability were: dot area, tone re­
production, optical/reflective density, specular gloss, dot shape, visual 
tests, rub resistance, adhesion, and tensile strength. The dot area and 
tone reproduction of the printed material were determined with a 
BetaFlex334 system. The tonal patches on each film were measured in 
increments of five, from one to a hundred. An Xrite 528 
Spectrodensitometer was used to measure the densities of a solid black 
area on each film. The Novo-glass Statistical Glossmeter (Rhopoint 60 
degree angle model) determined the specular gloss ofeach film using the 
same solid black area. Horizontal and vertical readings were taken. The 
ImageXpert system was used to determine the roundness of the five per­
cent dots on each film. A digital image was captured of the five percent 
dots using SonyXCD-X71O video camera. The dot roundness was de­
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f i n e d  b y  t h e  r a t i o  o f  t h e  c i r c u m f e r e n c e  o f  a  c i r c l e  w i t h  t h e  s a m e  a v e r a g e  
r a d i u s  t o  t h e  p e r i m e t e r  l e n g t h  o f  t h e  d o t .  S o m e  o t h e r  d i g i t a l  i m a g e s  w e r e  
c a p t u r e d  f o r  v i s u a l  c o m p a r i s o n s ,  u s i n g  t h e  s a m e  v i d e o  c a m e r a  s y s t e m .  
T h e y  i n c l u d e  s a m p l e s  o f  b r i d g i n g  a t  f i v e  p e r c e n t  d o t  a n d  s a m p l e s  o f  f o n t  
t y p e  q u a l i t y .  
3 . 0  R E S U L T S  A N D  D I S C U S S I O N  
3 . 1  D o t  G a i n  
T h e r e  w a s  n o  s u b s t a n t i a l  d i f f e r e n c e  i n  t h e  t r e n d  o f  d o t  g a i n  i n  t h e  
c u r v e  a c r o s s  t h e  d i f f e r e n t  f i l m s .  T h e  l a r g e s t  d o t  g a i n  o c c u r r e d  b e t w e e n  
3 5  a n d  5 5  f o r  a l l  o f  t h e  f i l m s .  T h e  w h i t e  P L A  f i l m  h a d  a  2 9 . 3  p e r c e n t  d o t  
g a i n  a t  4 0  p e r c e n t  d o t .  T h e  c l e a r  P L A  f i l m  h a d  a  2 4 . 7  p e r c e n t  d o t  g a i n  a t  
4 0  p e r c e n t  d o t .  T h e  P E T  f i l m  h a d  a  3 1 . 1  p e r c e n t  d o t  g a i n  a t  4 0  p e r c e n t  
d o t .  T h e  O P P  f i l m  h a d  a  2 8 . 9  p e r c e n t  d o t  g a i n  a t  4 0  p e r c e n t  d o t .  T h e  O P S  
f i l m  h a d  a  2 7 . 9  p e r c e n t  d o t  g a i n  a t  4 0  p e r c e n t  d o t .  T h e  p l a s t i c  f i l m  w i t h  
t h e  h i g h e s t  d o t  g a i n  w a s  P E T  w i t h  3 1 . 1  p e r c e n t  a t  4 0  p e r c e n t  d o t .  F i g u r e  
2  b e l o w  s h o w s  t h e  d o t  g a i n  r e s u l t s .  T h e  d o t  a r e a  o f  t h e  p r i n t e d  m a t e r i a l  
w a s  d e t e r m i n e d  w i t h  t h e  X r i t e  5 2 8  s y s t e m .  T h e  d e n s i t y  p a t c h e s  o n  e a c h  
f i l m  w e r e  m e a s u r e d  i n  i n c r e m e n t s  o f  f i v e ,  f r o m  o n e  t o  a  h u n d r e d .  
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Figure 3. Tone reproduction of printed material. 
3.2 Tone Reproduction 
There was no substantial difference in the trend of the tone reproduc-
tion curves across the different films. However, all of the clear films ex-
perienced difficulties while being read by the instrument, as shown by 
the jagged lines in Figure 3. Therefore, it was hard to compare which 
plastic film had the best tone reproduction. The white PLA appears to 
have the smoothest curve, which makes it easier to compensate for dot 
gain in prepress. 
3.3 OpticallReflective Density 
The FIRST density standard is 1.4 for black ink on film products using 
narrow web. All of the densities printed had higher densities than the 
standard. The chosen ani lox roll was not optimized for the desired ink 
density and lay down. The white PLA film had the highest density over 
the other films. The clear PLA has the highest density over the clear film. 
PLA films may achieve higher densities than other films. 
9 9  
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T a b l e  1 .  T h e  X r i t e  5 2 8  S p e c t r o d e n s i t o m e t e r  w a s  u s e d  t o  M e a s u r e  t h e 
  
D e n s i t i e s  o f  a  S o l i d  B l a c k  A r e a  o n  E a c h  F i l m . 
  
F i l m s  W h i t e  P L A  C l e a r  P L A  P E r  
o p p  
O P S  
D e n s i t i e s  1 . 6 8  1 . 7 1  1 . 5 6  1 . 6 8  1 . 6 6  
1 . 7 8  1 . 7 1  
1 . 6 1  1 . 6 1  1 . 6 3  
1 . 7 0  1 . 6 6  1 . 6 0  1 . 7 3  1 . 5 9  
1 . 7 0  1 . 6 6  1 . 6 1  1 . 6 5  1 . 6 8  
A v e r a g e  1 . 7 2  1 . 6 8  
1 . 6 0  
1 . 6 7  1 . 6 4  
S t a n d a r d  D e v i a t i o n  
0 . 0 4  0 . 0 3  0 . 0 2  
0 . 0 5  
0 . 0 4  
3 . 4  D y n e  L e v e l s  
T h e  t e s t s  s h o w e d  t h a t  t h e  n a t u r a l  d y n e  l e v e l  o f  c l e a r  P L A  i s  a b o u t  3 8  
a n d  t h e  w h i t e  P L A  h a d  a  d y n e  l e v e l  o f a b o u t  3 6 .  T h e  o t h e r  f i l m s  h a d  s i m ­
i l a r  d y n e s  l e v e l s :  P E T  h a d  a b o u t  3 9  d y n e s ,  O P P  h a d  a b o u t  3 7  d y n e s ,  a n d  
O P S  h a d  a b o u t  3 7  d y n e s .  
3 . 5  T y p e  Q u a l i t y  
T y p e  Q u a l i t y  I m a g e s  w e r e  c a p t u r e d  f o r  v i s u a l  c o m p a r i s o n s ,  u s i n g  t h e  
I m a g e X p e r t  s y s t e m .  T h e  r e s u l t s  f o r  t y p e  q u a l i t y  w e r e  i n  t h e  f o l l o w i n g  
o r d e r  f r o m  b e s t  t o  w o r s t :  w h i t e  P L A ,  P E T ,  O P P ,  c l e a r  P L A  a n d  O P S  
f i l m s .  T h e  i m a g e s  a r e  s h o w n  i n  F i g u r e  4 .  
3 . 6  D o t  S h a p e  
T h e  I m a g e X p e r t  s y s t e m  w a s  u s e d  t o  d e t e r m i n e  t h e  r o u n d n e s s  o f  t h e  
f i v e  p e r c e n t  d o t s  o n  e a c h  f i l m .  T h e  d o t  r o u n d n e s s  w a s  d e f i n e d  b y  t h e  r a ­
t i o  o f  t h e  c i r c u m f e r e n c e  o f  a  c i r c l e  w i t h  t h e  s a m e  a v e r a g e  r a d i u s  t o  t h e  
p e r i m e t e r  l e n g t h  o f  t h e  d o t .  T h e  f i v e  p e r c e n t  d o t  w a s  c h o s e n  t o  c o m p a r e  
F i g u r e  4 .  T y p e  q u a l i t y  i m a g e s .  
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Figure 5. Digital images of the five percent dots. 
the roundness. The ideal number to achieve is one. The PET film is the 
closest to achieving this standard. The PET film also has the highest 
dyne level, which may correspond to being the closest to one. 
3.7 Specular Gloss 
The Novo-glass Statistical Glossmeter (Rhopoint 60 degree angle 
model) determined the specular gloss of each film using the same solid 
black area. Horizontal and vertical readings were taken as shown in table 
3 below. With no lamination, high gloss is more desired to achieve a 
better print appearance. The clear PLA has the highest gloss compared to 
all of the films, and has the highest gloss compared to the other clear 
film. The white PLA has the highest gloss compared to the other white 
films. 
3.8 Rub Resistance 
The TMI Ink Rub Tester determined the rub resistance of each mate­
rial. The two by four inch and two and a half by six inch strips were cut 
and taped onto the base and test block. The four-pound test block was 
placed on top of the base. The settings were adjusted to 100 cycles at 42 
cycles per minute. 
A visual test was performed on the rub test samples. The clear PLA 
film had the poorest rub resistance, closely followed by the white PLA 
film. The OPS film had the next worse rub resistance. The OPP and PET 
films had the best rub resistance. 
Table 2. Dot Roundness Results 
White PLA Clear PLA PET opp oPs 
0.62 0.62 0.82 0.57 0.53 
1 0 1  
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T a b l e  3 .  S p e c u l a r  G l o s s  R e s u l t s . 
  
G l o s s  W h i t e  P L A  
C l e a r  P L A  P E T  O P P  O P S  
H o r i z o n t a l  5 7 . 6 5  6 5 . 7 0  5 8 . 6 0  4 6 . 8 8  5 6 . 8 0  
V e r t i c a l  
6 2 . 6 0  7 5 . 3 8  
4 6 . 3 8  4 8 . 1 8  6 2 . 1 6  
A v e r a g e  6 0 . 1 3  
7 0 . 5 4  5 2 . 4 9  4 7 . 5 3  
5 9 . 4 9  
3 . 9  I n k  A d h e s i o n  
S c o t c h  3 M  P r e m u i m  G r a d e  T r a n s p a r e n t  C e l l o p h a n e  6 1 0  T a p e  w a s  
u s e d  t o  p e r f o r m  t h e  a d h e s i o n  t e s t .  A  s m a l l  t w o - i n c h  p i e c e  o f  t a p e  w a s  
p l a c e d  i n  a p p r o x i m a t e l y  t h e  s a m e  s p o t  o n  e v e r y  f i l m  a n d  i m m e d i a t e l y  
p u l l e d  o f f  a f t e r  s l i g h t l y  p a t t i n g  i t  d o w n .  A n d  l a s t l y ,  t h e  T e s t o m e t r i c  C X  
M 3 5 0 - 5 K N  s y s t e m  m e a s u r e d  t h e  e l a s t i c i t y ,  f o r c e ,  a n d  b r e a k i n g  p o i n t  o f  
e a c h  f i l m .  A n  A S T M  s l i t t e r  c u t  o n e  b y  e l e v e n  i n c h  s t r i p s  p r i o r  t o  b e i n g  
p l a c e d  i n t o  t h e  m a c h i n e .  
A  v i s u a l  t e s t  w a s  p e r f o r m e d  o n  t h e  i n k  a d h e s i o n  s a m p l e s .  T h e  w h i t e  
P L A  f i l m  h a d  t h e  p o o r e s t  i n k  a d h e s i o n ,  c l o s e l y  f o l l o w e d  b y  t h e  c l e a r  
P L A  f i l m .  T h e  O P S  f i l m  h a d  t h e  n e x t  w o r s e  i n k  a d h e s i o n .  T h e  O P P  a n d  
P E T  f i l m s  h a d  t h e  b e s t  i n k  a d h e s i o n .  T h e  O P P  f i l m  h a d  t h e  b e s t  a d h e ­
s i o n .  
3 . 1 0  R u n n a b i l i t y  
S o m e  o f  t h e  p o t e n t i a l  r u n n a b i l i t y  p r o b l e m s  t h a t  o c c u r r e d  o n  p r e s s  i n ­
c l u d e d  p r o b l e m s  r u n n i n g  t h e  O P S  a n d  h a v i n g  d i r t y  p r i n t .  T h i s  t e s t  w a s  
r u n  o n  a  n a r r o w - w e b  i n - l i n e  p r e s s .  I n  c o m m e r c i a l  a p p l i c a t i o n s ,  t h e s e  
m a t e r i a l s  w o u l d  o f t e n  b e  r u n  o n  a  w i d e - w e b  C I  p r e s s ,  o f f e r i n g  b e t t e r  t e n ­
s i o n  c o n t r o l  a n d  r e d u c e d  p o t e n t i a l  f o r  w e b  b r e a k s .  
T a b l e  4 .  T e n s i l e  S t r e n g t h  R e s u l t s .  
F o r c e  @  P e a k  ( N )  E l o n g a t i o n  @  B r e a k  ( m m )  T i m e  ( s e c )  
W h i t e  P L A  1 5 1 . 0 1  
5 0 . 0 6  0 . 5 0  
C l e a r  P L A  1 7 3 . 7 0  
4 1 . 3 8  
0 . 4 1  
P E T  
1 0 6 . 8 6  
2 0 7 . 9 2  
2 . 0 8  
O P P  1 0 6 . 1 2  1 2 2 . 6 9  1 . 2 3  
O P S  1 0 5 . 5 6  5 . 6 5  
0 . 0 6  
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Figure 6. Images were captured for visual comparisons, using the ImageXpert system. 
The samples of the bridging are in order of CPLA, OPp, OPS, PET, WPLA. 
3.11 Tensile Strength 
Tensile strength measures the force required to pull a substrate to the 
point of when it breaks. The Testometric ex M350-5KN system mea­
sured the elasticity, force, and breaking point of each film. An ASTM 
sample cutter cut one by eleven inch strips prior to being placed into the 
machine. The speed of the machine was 100 mm/min. The OPS used the 
least force to break, which indicates that this film has the worse tensile 
strength. This was observed on press with the two web breaks. The clear 
PLA has the best tensile strength, and least likely to stretch and distort on 
press. 
3.12 Dirty Print 
The print became increasingly dirtier throughout the press run. There 
was an increased incidence of dot bridging the longer the press was run­
ning. The order the films ran on press were: white PLA, clear PLA, PET, 
Table 5. Summary of Findings. (1 = best/highest to 5=worst/least). 
Gloss White PLA Clear PLA PET OPP OPS 
Dyne 4 2 1 3 3 
Dot Gain 4 1 5 3 2 
Tone Reproduction 1 4 3 2 5 
Density 1 2 5 3 4 
Type Quality 1 4 2 3 5 
Dot Shape 2 2 1 3 4 
Specular Gloss 2 1 4 5 3 
Rub Resistance 4 5 1 2 3 
Ink Adhesion 4 5 1 2 3 
Tensile Strength 2 1 3 4 5 
Dirty Print 1 2 3 4 5 
Average Score 2.36 2.64 2.64 3.09 3.82 
1 0 3  F l e x o g r a p h y  P r i n t i n g  P e r f o r m a n c e  o f  P L A  F i l m  
O P P ,  a n d  O P S .  T h e  O P S  f i l m  s e e m e d  t o  h a v e  t h e  m o s t  b r i d g i n g .  T h e r e  
w e r e  m a n y  p r e d i c t i o n s  t o  t h e  r e a s o n  f o r  t h e  d i r t y  p r i n t .  S o m e  a r t i c l e s  
h a v e  s u g g e s t e d  t h a t  i t  c o u l d  b e  c a u s e d  f r o m  t h e  p l a t e ,  i n k ,  a n i l o x  r o l l ,  
a n d  t h e  d o c t o r  b l a d e .  I n  t h i s  r e s e a r c h ,  t h e  o n l y  o t h e r  v a r i a b l e  t h a t  i s  t i m e  
s e n s i t i v e  i s  t h e  p H  a n d  v i s c o s i t y .  T h e  r e c o m m e n d e d  v i s c o s i t y  w a s  
2 5 - 3 0  s e c o n d s  w i t h  a  p H  o f  9 . 0 - 9 . 3 .  T h e  i n k  r a n  o n  p r e s s  w i t h  a  h i g h e r  
v i s c o s i t y  a n d  p H  t h a n  w a s  r e c o m m e n d e d .  S i n c e  t h e  p H  l e v e l  s t a r t s  t o  d e ­
c r e a s e  a n d  v i s c o s i t y  i n c r e a s e  t h e  l o n g e r i t  i s  r u n  o n  p r e s s ,  a n  i n k - t r a n s f e r ­
r i n g  p r o b l e m  u s u a l l y  o c c u r s  l e a d i n g  t o  i n c r e a s e d  i n c i d e n c e  o f  b r i d g i n g .  
T h e  p H  a n d  v i s c o s i t y  w e r e  o n l y  c o n t r o l l e d  a t  t h e  b e g i n n i n g  o f  t h e  p r e s s  
r u n ;  t h e r e f o r e  i t  c a n n o t  b e  d e t e r m i n e d  i n  t h i s  s t u d y .  M o r e  r e s e a r c h  
w o u l d  n e e d  t o  b e  p e r f o r m e d  t o  c o n f i r m  t h i s  r e l a t i o n s h i p .  
4 . 0  C O N C L U S I O N S  
A c c o r d i n g  t o  t h i s  s u m m a r y  o f  f m d i n g s  c h a r t ,  i t  s e e m s  t h a t  t h e  w h i t e  a n d  
c l e a r  P L A  f i l m s  a r e  m o s t  c o m p a r a b l e  t o  t h e  P E T  f i l m .  E v e n  t h o u g h  t h e  i n k  
w a s  f o r m u l a t e d  f o r  P P  a n d  P E T ,  t h e  w h i t e  a n d  c l e a r  P L A  o u t p e r f o r m e d  
O P P i n t h e m a j o r i t y  o f t h e p r i n t a b i l i t y a n d r u n n a b i l i t y  t e s t s . T h e O P S  f i l m  
p e r f o r m e d  t h e  w o r s t  c o m p a r e d  t o  t h e  o t h e r  p l a s t i c  f i l m s .  T h e  w h i t e  P L A  
f i l m  o u t p e r f o r m e d  t h e  P E T  f i l m ,  w h i c h  w a s  a l s o  w h i t e .  T h e  c l e a r  P L A  
f i l m  p e r f o r m e d  e q u a l l y  a s  w e l l  a s  t h e P E T f i l m .  I f t h e P L A  f i l m s  u s e d c u s ­
t o m  f o r m u l a t e d  i n k ,  t h e y  w o u l d  h a v e  l i k e l y  o u t p e r f o r m e d  a l l  o f t h e  f i l m s .  
N a t u r e W o r k s  r e c o m m e n d s  u s i n g  A k z o  N o b e l ' s  H y d r o k e t t 3 0 0 0  o r  
H y d r o f i l m  4 0 0 0  w a t e r - b a s e  i n k s  f o r  g o o d  i n k  a d h e s i o n .  
G i v e n  t i m e ,  P L A  m a y  r e p l a c e  s o m e  o f t h e  m o s t c o m m o n  p l a s t i c  f i l m s  
u s e d  i n  t h e  f o o d  i n d u s t r y .  I t i s  d i f f i c u l t  f o r  a  n e w  f i l m  t o  b r e a k  i n t o  a  m a r ­
k e t  t h a t  h a s  t w e n t y  o r  m o r e  y e a r s  o f  e s t a b l i s h e d  f i l m  l i n e s .  A d v a n c e m e n t s  
a r e  c o n t i n u o u s l y  b e i n g  m a d e  t o  t h e  s t r u c t u r e  o f  P L A  t o  e n a b l e  t h e  p l a s t i c  
t o  b e  u s e d  i n  m o r e  a p p l i c a t i o n s .  T h e  P L A  f i l m s  a r e  a l r e a d y  i d e a l  f o r  m a n y  
o f t h e s a m e a p p l i c a t i o n s o t h e r p e t r o l e u m - d e r i v e d f i l m s  a r e u s e d f o r t o d a y .  
T h e y  c a n  b e  u s e d  f o r  p r e s s u r e  s e n s i t i v e  l a b e l s ,  s h r i n k  s l e e v e s ,  c u t  a n d  
s t a c k  l a b e l s ,  l a m i n a t e s ,  a n d  m o r e .  P L A  f i l m s  c a n  b e  p r o d u c e d  b o t h  a s  
m o n o - l a y e r  o r  m a y  b e  c o - e x t r u d e d ,  w i t h  c a s t  o r  b l o w n  f i l m  e x t r u s i o n  
m e t h o d s  p r e s e n t l y  b e i n g  t h e  m o s t  c o m m o n .  T h e  p o p u l a r i t y  o f  s u s t a i n a b l e  
f i l m s  w i l l  c o n t i n u e  t o  i n c r e a s e  a s  c o m p a n i e s  u n d e r s t a n d  t h e  s a v i n g s  o f  u s ­
i n g  a n n u a l l y  r e n e w a b l e  r e s o u r c e s .  T h e r e  i s  a n  o b v i o u s  m o m e n t u m  i n  t h e  
u s e  o f P L A ,  a n d  i t  w i l l  c o n t i n u e  t o  b e c o m e  i n c r e a s i n g l y  c o m p e t i t i v e  w i t h  
t r a d i t i o n a l  p e t r o l e u m - b a s e d  f i l m s  i n  t h e  f u t u r e .  
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